Effect of contact time on the acute toxicity of mercury to scale carp by Das, S.C.S. & Datta, S.
113 
J. Indian Fish Assoc., 35: 113 - 120, 2008 
EFFECT OF CONTACT TIME ON THE ACUTE TOXICITY OF MERCURY TO SCAlE CARP 
Shyamal Chandra Sukla Das1 and Subhendu Datta2 
1Centrallnstitute of Fisheries Education, Seven Bungalows, Versova, Mumbai-61 
2CIFE, Kolkata center, 32-GN block, Sector- V, Salt Lake City, Kolkata-91, West Bengal 
ABSTRACT 
The behaviour of metals in aquatic ecosystems is dependent on various environmental factors. 
Experiments were conducted in five different contact times (0.5, 2, 12, 24 and 48h) between soil 
sediment and mercury on Cyprinus carpio var communis. It was observed that contact time with 
soil sediment had significant effect in reducing the toxicity of mercury. Higher the time of contact, 
greater the effect. Medium hard water (150 mg/l CaC03 of total hardness) had the highest effect 
as compared to other water in reducing the toxicity of mercury when combined with underlying 
soil sediment. With the increase in contact time, complexation and adsorption of inorganic 
mercury ions with the dissolved and particulate phases of water and soil sediment were 
increased; thereby bioaccumulation of mercury ions by scale carp was more. Applicability of the 
result of this experiment in natural ecosystems was also suggested. 
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INTRODUCTION 
Contact time also called 
contamination time (or ageing) is the time 
period a toxicant is in contact with soil 
sediment before any biota comes in contact 
with the toxicant. Many workers stated the 
importance of contact time in reducing the 
toxic effect of toxicants to the aquatic 
organism (Wang, 1984, Saikia et a!., 1987, 
Dawson eta/., 1976, Reid et al., 2000, Kolka et 
a/., 1999, Kukkonen and Landrum 1998, 
Leppanen and Kukkonen, 2000). But in Indian 
scenario such literature is scanty. Since 
contact time in natural systems is usually 
long, there is an obvious need for research on 
the influence of contact time on the toxicity 
and bioconcentration of xenobiotics. The 
three phases of soil viz. particulate, colloidal 
and dissolved can play a significant role in 
bioavailability and toxicity of xenobiotics 
according to its chemical nature (Datta et al., 
2002, Datta eta/., 2003 a & b, Datta and Das, 
2003). Among all the metals, acute toxicity of 
mercury is highest (Lan and Chen, 1991, Urmila 
and Radhakrishnaiah, 1990}. As the contact 
time is mainly related to length of time a 
toxicant is in contact with different soil 
sediment phases (mentioned above), 
therefore, a bottom dweller fish (e.g. scale 
carp) which is mostly in contact with bottom 
sediment will be an ideal choice for studying 
the effect of contact time on the toxicity of a 
toxicant to fishes. As fry stage is more sensitive 
to toxicant than fingerling or adult, therefore, 
in the present study, an attempt has been made 
to study the effect of contact time between soil 
sediment and inorganic mercury on the acute 
toxicity of advanced scale carp fry. 
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MATERIAL AND METHODS mg/L. Five to eight concentrations, three 
Mercuric nitrate extra pure 
[Hg{N03) 2H20] manufactured by Loba Chemie 
Pvt. Ltd., Mumbai was chosen as test 
chemical. Advanced fry of Scale carp 
(Cyprinus carpio var communis) (Av. length: 
3.9± 0.5 em and Av. weight: 0.9 ± 0.20 g) were 
selected for investigation because of its 
importance in freshwater aquaculture in India 
and its availability throughout the year. Round 
cylindrical glass jars of 20L capacity were used 
as test container. Simple aquarium aerator 
with two outlet purchased from local market 
were used for aeration. Experiments were 
conducted at three different levels of water 
hardness i.e, 150 mg/L CaC03 =Medium hard 
water; 290 mg/L CaC03 = Hard water; 550 
mg/L CaC03 = Very hard water. These were 
prepared by dilution of tap water {550 mg/L 
CaC03 of total hardness) with distilled water 
(10 mg/L CaC03 of total hardness). Soil 
collection, selection of soil for the 
experiment, acclimatization, conditioning of 
test fishes and range finding tests were 
reported elsewhere {Datta eta!., 2002, Datta 
etaf.,2003a, Datta and Das 2003}. 
Definitive test 
Toxicity tests were carried out in soil 
sediment with medium hard water, hard 
water and very hard water. Treatment was 
also carried out without soil to observe the 
effect water on toxicity. 30min, 2h, 12h, 24h 
and 48h contact times were provided. Fishes 
were introduced into the experimental jars 
after this contact time. Experiments were 
carried out maximum up to 168h. Continuous 
aeration was given to maintain the aerobic 
condition and dissolved oxygen level of 7-8 
replications per concentration and ten liters of 
test water in each jar/replication were taken. In 
soil sediment treatments 100g powered soils 
sediment {97g soil and 3g humus) was taken. 
The basis of taking 97g soil and 3g humus was 
described elsewhere (Datta eta/., 2002; 2003 a 
& b, Datta and Das, 2003). 
Chemical Analysis 
Parameters such as dissolved oxygen, 
free carbon dioxide, pH, carbonate and 
bicarbonate alkalinity, total hardness and 
chloride levels were measured daily at the 
same time. These parameters along with 
particulate and dissolved organic carbons in 
the aqueous phase, textural analysis of soil, 
percent organic carbon and percent organic 
matter of the soil sample were estimated as per 
the methods described earlier (Datta et a/., 
2002; 2003a, Datta and Das 2003). 
Data analysis 
LC50 values in different hours were calculated 
from concentrations and percent mortality of 
fry and LT50 was calculated from duration of 
exposure and percent mortality of fry. LC50, LT50 
and corresponding 95% confidence limits were 
calculated with the help of a Basic LD50 
programme version 1.1 using a personal 
computer (Trevors, 1986). Analysis of variance 
{AN OVA) and student's 't' test were carried out 
to find out test of significance between 
different treatments. MS Excel 2003 in 
Windows XP computer operating system was 
used for analysis of variance and student's 't' 
tests. 
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RESUlTS AND DISCUSSION 
Different chemical parameters e.g., 
total hardness, carbonate (C0 3-) and 
bicarbonate (HC03-) alkalinity, pH, dissolved 
oxygen, free C02 were measured just before 
the experiment and during the experiment at 
an interval of 24 hours both in control and 
treatments and are presented in Table1. 
Except dissolved oxygen, free Co2 and other 
parameters were not significantly different (p 
= 0.01) both in control and treated sets. 
Average room temperatures during the 
experiment were maximum 26.55±2.21°C 
and minimum 18.04±2.61 °C. Dissolved 
organic carbon (DOC) and particulate organic 
carbon (POC) were estimated to be 7.5±1.5 
mg/L and 22±2.0 mg/L. Behavioral changes of 
fish were similar to the previous reports 
(Datta, eta/., 2003, Datta and Das, 2003). 96h 
LC50 of Hg in soft {90 mg/L of total hardness), 
medium hard, hard and very hard water were 
0.17, 0.58, 0.50, 0.35 mg/L. Mercury was not 
precipitated from the test solution of 
different hardness of water as its chemical 
composition had changed to [Hgz] (N03) 2 H20. 
This compound dissociated in water to [HzO-
2 -Hg- Hg- OH 2] + 2N03 • In [HzO- Hg- Hg-
OH2tion, the positive charge becomes 
spread over the whole complex ion, and 
almost equivalent to Hg0 • So unlike other 
bivalent metal cations (i.e., Pb, Cd, Cu, Zn etc.) 
lower toxicity in medium hard and hard water 
than soft water was not because of 
precipitation. This was due to increased 
concentration of Ca 2+ ion, which was reported 
to protect the gills from metal damage by 
slowing down the diffusion out of body salts 
(e.g. sodium chloride) and diffusion in of Hg2+ 
ions. Higher toxicity in very hard water than 
medium hard and hard water was due to the 
higher concentration of salts which probably 
had some additive or synergistic effect with 
mercury (Datta eta/., 2003b). 
It was observed that contact time with 
soil sediment had significant effect in reducing 
the toxicity effect of mercury. LT50 (h} values of 
mercury at 1, 2 and 3, mg/L Hg in medium hard 
water+ soil sediment treatment, hard water+ 
soil sediment treatment and at O.Smg/L of 
mercury in very hard water + soil sediment 
treatment were presented in Table 2. In all 
these cases, contact time of 0.5h, 2h, 12h, 24h 
and 48h with soil sediment were given. It was 
observed in all these cases that toxicity 
decreased sharply with the increases of 
contact time from 0.5h to 48h and very hard 
water was more toxic than hard water and hard 
water was more toxic than to medium hard 
water. ET50 values from these treatments when 
subjected to F and t tests, following results 
were obtained for the effect of different 
contact time of mercury toxicity, 0.5h = 2h 
=12h, 12h>0.5h, 24h> 2h, 24h = 12h, 24h = 48h, 
48h> 0.5h, 48h>2h, 48h >12h. The decrease in 
toxicity with increase in contact time was 
clearer from the LC50 values. 48h, 96h and 168h 
LC50 (mg/L) values of mercury in medium hard 
water &soilsedimenttreatmentand 48h & 96h 
LC50value of mercury in hard water & soil 
sediment were found out (Table 3). When 
contact time was increased from 0.5h to 48h, 
there was more than four times decrease in 
96h acute toxicity (1.01 to 4.46 mg/L) in 
medium hard water & soil sediment treatment, 
where as in case of hard water & soil sediment 
treatment decrease was more than five times 
(0.66 to 3.56 mg/L). From Table 2 and 3, the 
observed general trend is; higher the toxicant 
load in a system (1, 2 and 3 mg/L in case of 
medium hard and hard water of LT50 treatment) 
116 Shyamal Chandra Sukla Das and Subhendu Datta 
and greater the normal toxicity of a system 
(i.e., very hard water> hard water>medium 
hard water), greater the effect of contact time 
(when O.Sh and 48h values were compared) 
in reducing the toxicity of mercury. Only 
exception to this observation was 1 mg of Hg 
for LT50 experiment in hard water & soil 
sediment treatment. 
The length of the time that the metal 
had been in contact with sediment i.e, 
contact time (contamination time or ageing) 
was found to be an important factor in toxic 
effect (Wang, 1984}. Unlike other cationic 
metal ions (e.g. Pb, Cd etc. which has negative 
E\ mercury has positive standard reduction 
potential (E0 : +0.79 V to +0.92 V) and is, 
therefore, quite noble. Hg is having the 
highest first ionization energy {1007 KJ/mol) 
of any metal. Because of this mercury atom is 
small and the filled d level is poorly shielding. 
The filled 4f shell further increases the 
binding energy of the outer electrons. 
Because of its smaller size it has a greater 
polarizing power. Mercury, therefore, tends 
to form covalent Compounds. PbCI2 and 
Pb{N03) 2 are ionic while HgCI2 and Hg(N03) 2• 
HzO are covalent. In the change from M+ to 
[(H20)n-Mf the positive charge becomes 
spread over the whole complex ion. Since the 
charge is no longer localized on the metal, this 
is almost same as the changed from M+ to M. 
Strongly electropositive metals (i.e., Pb) have 
a great tendency to the opposite change, M---+ 
+ • M , so, that they are not readily hydrated. 
Since the metal ion is large, it has a little 
tendency to form complexes. Lesser the 
eiectropositivity of the metal {e.g., Hg), 
weaker the tendency to form M---+ M+ and the 
stronger the degree of hydration. Because 
they are smaller, the metals ions have a 
2+ greater tendency to from complexes. Hg {or, 
2+ • OH2 - Hg- Hg- OH 2) m1ght be adsorbed on 
the surface of these clay, humus and organic 
matter. These particles were in dispersed 
conditions before the start of the experiment 
or during the experimental period because of 
continuous aeration and movement of fish in 
the test vessels. This facilitated the adsorption 
of mercury on their surface. 
Datta et a/., (2003b) reported 
complexation of mercury with inorganic and 
organic ligands of water solutions (e.g. 
carbonate, dissolved organic carbon and 
bicarbonates) and adsorption of Hg in 
particulate organic carbon {POC), clay and iron 
or manganese oxyhydroxides. In the present 
experiment, higher toxicity was seen in lower 
sediment chemical contact time and vice versa. 
It was because of complexation and adsorption 
of inorganic mercury ions with the dissolved 
and particulate phases of water and soil 
sediment respectively decreased when the 
contact time was less,thereby bioaccumulation 
of mercury ions by scale carp fry were more. 
This was also supported by the observation of 
Jackman et a/. {2001); who observed that the 
time required to reach adsorption equilibrium 
increases with increasing concentration in the 
contaminating solutions, and the interparticle 
migration of metals cations can proceed at 
significant rates that were strongly influenced 
by the length of the time that the metal had 
been in contact with the soil sediment. 
Result of this experiment can be 
applied in reducing the acute toxicity of 
inorganic mercury in pond, lake and reservoir 
ecosystem for bottom dwelling fishes like Scale 
carp in two ways; (i) if toxic discharges 
{containing mercury) from any source were 
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allowed to settled down (say in a 
sedimentation tank) at least for few days 
before entering into these aquatic ecosystem, 
(ii) if toxic discharges (containing mercury) 
were allowed to be in contact with different 
phases of soil solution (particulate, dissolved 
and colloidal) before fish fingerlings or 
juveniles are released into the systems. 
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Table 1. Chemical parameters of different kinds of water medium used for the experiments in 
control and experiment 
Parameter 
Total hardness 
(mg/LCaC~) 
co3 alkalinity 
(mg/LCaC03) 
HC03alkalinity 
(mg/LCaC03) 
Chi ori de ( mg/L) 
pH 
02 (mg/L) 
COz(mg/L) 
Control 
Medium Hard Very hard 
water water Medium hard 
hard water 
water 
150 ± 10 290 ± 10 550 ± 10 150 ± 10 
0.4 ± 0.15 1.1 ± 0.25 2.5 ± 0.75 0.4 ± 0.15 
90 ± 2.0 175 ± 2.0 345 ± 3.0 90 ±2.0 
60± 10 145 ± 10 280 ± 10 60±10 
7.7±0.1 7.8 ±0.1 7.9 ±0.1 7.7 ± 0.1 
7.8 ± 0.4 7.5 ±0.3 7.5 ±0.3 7. 6±0.3 
5.0 ± 1.5 6.0 ±1.5 7.5 ±1.5 6.5 ± 1.5 
Treatment 
Hard water 
Very hard 
water 
290 ± 10 550 ± 10 
1.1 ± 0.25 2.5 ± 0.75 
175 ± 2.0 345 ± 3.0 
145 ± 10 280 ± 10 
7.8 ± 0.1 7.9 ±0.1 
7.2 ± 0.3 7.2 ±0.3 
7.5 ± 1.5 8.0 ±1.5 
CT 
(h) 
0.5 
2 
12 
24 
48 
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Table 2. LT50 of Mercury at 0.5, 1, 2, 3 mg/l of Mercury at different contact time with soil sediment 
0.5 mg/l 1mg/l 2 mg/L 3mg/L 
VHW* MHW* HW* MHW* HW* MHW* HW* 
4.52 97.64 57.93 32.73 20.16 16.12 4.75 
(3.9, 5.1) (93. 7,101.5) (55.9,59.9) (30.7,34.6) (17.4,22.8) (14.5,17.6) (3.4,6) 
6.75 107.40 62.99 52.14 35.09 30.23 19.28 
(6.4, 7.0) (103.5,111.3) (60.8,65.1) (48.6,55.6) (32.4,37. 7) (27.8,32.6) (17.2,21.3) 
24.83 130.14 69.32 71.13 52.24 54.94 35.08 
(22.4, 27.2) (125 .8, 134.4) (67.4, 71.2) (67.9, 74.3) (50, 54.4) (51,58.8) (32.1,37. 9) 
203.6 224.87 97.91 100.27 85.62 87.71 71.24 
(194, 212) (221.9, 227.6) (94.5,10 1.2) (97.3,103.1) (82.3,88. 7) (83.7,91. 7) (66.3,76.1) 
216.48 367.97 159.74 171.02 113.29 152.45 136.67 
(209, 229) (355.1,3 80) (155.2.164) (166,176) (110.1,116.3) (146.4, 158.4 (130.4,143) 
*Here MHW HW and VHW are Medium hard water, hard water and very hard water respectively 
95% confidence limits are mentioned in parentheses 
Table 3. lC50 value of Mercury at different contact time in medium hard water and soil sediment 
and hard water with soil sediment treatment 
Medium hardwater+soil sediment Hard water+ soil sediment 
Contact 
time (h) lCso(mg/l) lCso (mg/1.) 
with soil 
48h 96h 168h 48h 96h 
1.50 1.01 0.76 1.17 0.66 
0.5 
(1.37- 1.64) (0.93 -1.11) {0.68- 0.85) {1.04 -1.32) (0.48 -0.90) 
1. 78 1.08 0.87 1.30 0.80 
2 
(1.59- 1. 98) {0.91-1.28) (0. 78 - 0.97) ( 1.13 -1.49) (0.63 -1.01) 
2.03 1.33 1.00 1.60 0.85 
12 
(1.86- 2.22) (1.11 -1.58) {0.92 -1.09) (1.41 -1.82) (0.65 -1.11) 
4.03 2.66 1.35 3.99 1.42 
24 
{3.10-5.25) (2.29 -3.11) (1.24 -1.47) (2.51 -6.35) {0.89 -2.27) 
5.99 4.46 2.82 5.09 3.56 
(2.86-12.53) (2.46 -8.08) (2.47 -3.22) (4.16- 6.23) (3.23 -3.93) 
95% confidence limits are mentioned in parentheses 
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